Introduction
Both international trade and digital networks have increased during the past decades. Between 1995 and 2008 , global trade of goods and services has grown with an annual compound growth rate of approximately 10%, while global Gross National Income (GNI) has grown less than 6%. The number of worldwide installed telecom end-user subscriptions (such as phones and Internet) has grown at 15.5% annually during the same period, and the corresponding installed telecommunication bandwidth capacity at 45%. Communication has been easier, faster and less expensive and it has changed the way we live, work and interact (Castells, 2009 ).
In the economic sphere, it has been shown that the increasing digitizing of economic processes has led to a general reorganization of economic activities (Rosenblat and Mobius, 2004; Acemoglu et al., 2007) . Real-time communication among economic actors (Brynjolfsson and Hitt, 1995) and the reduction of search costs through blatant transparency (Bakos, 2001; Borenstein and Saloner, 2001 ) has helped to overcome geographical distance, resulting in the much-cited "death of distance" (Cairncross, 2001) . Castells (2009, p. 442-443) discusses the resulting "space of flows", in which it is not physical geography that creates space in the digital age, but "a circuit of electronic exchanges, constituted by its nodes and hubs". It can be expected that this digital network geography affects and interacts with the geography of international trade networks. Digital networks allow buyers and sellers to connect quicker (lowering search costs), trading partners and employees can be monitored more easily (less management and control costs), and communication and coordination costs can be reduced (diminished shipping costs) (Fink et al., 2005; Demirkan et al., 2009) . A positive relationship between digital technology and international trade can therefore be expected.
Related research has been growing, but has been lagging behind other questions in the literature of both international trade and digital technologies. Just over a decade ago, Freund and Weinhold (2002; provided the first empirical evidence on the matter, while studying the effect of the growth of Information and Communication Technologies (ICTs) on international trade growth. Several studies followed that include only cross-sectional data (Clarke and Wallsten, 2006; Demirkan et al., 2009, Márquez-Ramos and Martínez-Zarzoso, 2010; Choi, 2010) , while the ones with panel data are either of a short time span (Portugal-Perez and Wilson, 2012) or include only a limited international perspective, with few or no developing countries in the sample (Vemuri and Siddiqi, 2009; Timmis, 2012; Mattes et al., 2012 ; with a notable exceptions for cross-sectional impact on service trade by Choi (2010) ).
We see two major shortcoming in the past literature, one of methodological and another one of empirical nature. The methodological shortfall is the lack of consideration of the multilateral resistance terms, which "capture the fact that bilateral trade flows do not only depend on bilateral trade barriers but also on trade barriers across all trading partners" (Behrens et al., 2012, p. 773) . The main shortcoming in terms of empirical evidence is that the independent variable used to represent the digital capacity does not directly represent the digital communicational capacity (Zwart et al., 2015) . It is standard in the literature to consider the number of ICT subscriptions as a representation of the digital communication capacity (mainly drawing from the administrative registers of the International Telecommunication Union (ITU; 2014)), including the number of personal computers, phone lines and Internet users (Vemuri and Siddiqi, 2009; Ahmad et al., 2011; Clarke and Wallsten, 2006) ; the number of broadband subscriptions (e.g. Demirkan et al., 2009) , or some (un)weighted index including these variables (Minges, 2005; Francois and Manchin, 2013; Portugal-Perez and Wilson, 2012; Márquez-Ramos and Martínez-Zarzoso, 2010; Mattes et al., 2012) . 4 The problem with using the number of ICT subscriptions as a proxy for communication capacity arises from the fact that the number of subscriptions is not necessarily representative of communication capacity, since bandwidth speed is highly diverse across subscriptions (Hilbert et al., 2010; Hilbert, 2014b; 2016) . This problem has become increasingly severe over past decades, as telecom access became ever more diversified. In the analog age of the late 1980's, the vast majority of telecom subscriptions were fixed-line phones, and all of them had the same performance (see Figure 1 ). Given the linear relationship, there was no methodological problem in equating subscriptions with capacity. Twenty years later, there is a myriad of different telecom subscriptions with the most diverse range of performances (see Figure 1 ). While some countries have reached a certain level of saturation in terms of subscriptions (at about 2-3 telecommunication subscriptions per capita), bandwidth speed capacity in kbps (kilobits per second) continues to thrive (ITU, 2012) . Using the number of subscriptions as an independent variable (solely or within some kind of index) does not consider the fact that countries like Saudi Arabia count with an average installed bandwidth speed of less than 1 optimally compressed Mbps per capita in 2010, while countries like South Korea counted with almost 12 Mbps per subscription (see Figure 1b) .
A recent OECD-WTO survey (2013) reported that least developing countries suppliers "consider poor physical infrastructure, including inadequate power (59%), unreliable internet access or low bandwidth (35%) and inadequate national telecommunications network (24%) as the most important barriers to connect to ICT value chains" (WTO, 2013, p.32) . It is to be expected that such differences have an effect on international trade of goods and therefore it is important to also take this aspect of ICTs into account. In order to test whether there is a differential effect of more and better connectivity, we employ a unique dataset of the installed telecommunication data speed in kbps per subscription additionally to the traditional measure of subscriptions. We cover the period from 1995 till 2008 across 122 countries. 1 We estimate a Gravity Model to analyze the relationship between ICTs and international trade, adjusting for multilateral resistance with the methodology of Baier and Bergstrand (2009) . Our main results show that both the quality and quantity of ICTs matter, with differential effects for developing and developed countries. Moreover, we also test the impact of both aspects of ICTs on different kinds of goods, and find the highest impact on the trade of differentiated goods.
Section 2 provides an overview of the related literature on the relationship of ICTs and international trade, while Section 3 examines the development of ICT across the globe. Section 4 describes the empirical strategy, including the variables and data sources used. Section 5 shows the results and finally Section 6 concludes and outlines further lines of research.
Background literature
Pioneering studies of the social impact of ICTs have focused on economic and productivity growth. The predominant independent proxies for a society's information processing capacity were the number of installed ICT devices and subscriptions (e.g. Hardy, 1980; Roller and Waverman, 2001; Datta and Agarwal, 2004; Duggal et al., 2007) and the monetary value of the respective investments (e.g. Bresnahan, 1986; Siegel and Griliches, 1992; Oliner et al., 1994; Jorgenson and Stiroh, 1995; Vu, 2011) . In general, the literature finds positive effects of ICT on economic growth and productivity (Jorgenson and Vu, 2016) . While most of the literature focuses on highly industrialized countries (Jorgenson and Vu, 2007; Dimelis and Papaioannou, 2011; van Ark et al., 2008; Spiezia,2012) , studies that include developing countries found differential effects among world regions (Campos, 2010; Hofman et al., 2016) .
The initial papers on the relationship between ICTs and international trade use internet penetration as the independent variable of interest (Freund and Weinhold, 2002) or the number of internet hosts (Freund and Weinhold, 2004) . They find a robust positive relationship with export performance. Their gravity panel estimates do not study the differential effects of ICTs on the exporter and importer. In another early study, Clarke and Wallsten (2006) find a positive effect of the number of internet users on trade between developing countries to developed ones. This same proxy for ICTs has been used by Demirkan et al. (2009) when estimating a 2005 cross-section for 175 countries. They find a positive effect in the whole sample, and conduct an interesting subsample analysis, which finds that the effect is higher between smaller economies. Vemuri and Siddiqi (2009) also find a positive and statistically significant effect of personal computers, telephone lines and Internet users. Ahmad et al. (2011) estimate the effect of Malaysian internet and mobile phone subscriptions, personal computers and internet users with a time series analysis between 1980 and 2008. They find a statistically significant effect of all variables in a pooled, fixed effects -as well as a random effects model. Timmis (2012) estimates a panel data model with different fixed effects for OECD countries between 1990 and 2010 while controlling for multilateral resistance. He understands ICTs as internet users, broadband subscriptions and fixed lines connections and finds that country pairs with high adoption rates trade more with each other. Nevertheless, the results are not robust to the use of different dummies and are not able to assess the impact of ICTs on the exporter or importer independently when accounting for multilateral resistance.
Other studies use technology indexes as independent variable. Márquez-Ramos and Martínez-Zarzoso (2010) use the technological achievement index (TAI) constructed on the basis of four indicators: level of technological innovation, diffusion of old innovations, diffusion of recent innovations, and a human skills index. They find in several cases a positive relationship between 6 technological innovations and export performance (plus a non-linear effect with respect to these same variables). Mattes et al. (2012) use the ICTs development index of the International Telecommunication Union (ITU) and account for multilateral resistance for EU trade between 1995 and 2007. They find a positive impact if both countries have a high level of ICTs development. Nevertheless, in doing so they are not able to establish the effect of ICTs on trade at the exporter and importer levels 2 . Similarly, Francois and Manchin (2013) construct an infrastructure index that includes ICTs, among other variables, based on principal component analysis and find a positive effect of this index on the exporting and importing activity.
Portugal-Perez and Wilson (2012) study the effects of hard (physical infrastructure and ICTs 3 ) and soft infrastructures (border and transport efficiency and the business regulatory environment) on the export performance of developing countries. With a panel of 101 countries for the period 2004-2007 they find that infrastructure improves export performance.
In short, previous studies have generally found that digital tools seem to facilitate trade. However, specific policy recommendations are usually not possible, either because the studies are not able to quantify the effect for the exporter and importer separately, or because the infrastructure measure is too aggregate and ICTs are just one component. This paper innovates on the basis of these previous findings in four complementary ways. The two main contributions refer to the consideration of multilateral resistance terms (which allows for an independent identification of the relationship of ICTs and trade on the exporter and importer country), and the additional use of a novel continuous independent variable (bandwidth data speed in kbps per subscription). This is more informative than using subscriptions alone, and more direct than using a subjective "ICT index". In combination with the traditional indicators for ICT subscriptions it allows us to test for the effects of "better" ICT, besides "more" ICTs (Hilbert, 2014a) . Besides, we use a large sample of countries and analyze differential effects between developing and developed countries. Finally, we show the results controlling for country-pair heterogeneity which is rarely done in the respective literature. The four innovations combine the strengths of different previous exercises in one coherent large-scale approach and aim to show new evidence on the importance of ICTs with the use of a new independent variable.
International trade, ICTs quality and quantity
Since we do not count with ICT indicators of exporting companies of different countries over time, we use aggregate data per country. Nevertheless, our assumptions are not too far-fetched: for developing countries Clarke and Wallsten (2006) document a statistically significant correlation between internet usage among the general population and exporting firms (from the Enterprise Survey from the World Bank). The number of telecommunication subscriptions (quantity) is provided mainly by the wellknown database of International Telecommunication Union (ITU) (2014), which we complement with other sources for data gaps (especially for the diffusion of fiber optics). We include the installed bandwidth capacity of all telecommunication services except voice, which includes the data services of fixed-line telephony-based internet in the form of dial-up, ISDN (Integrated Services Digital Network), DSL (Digital Subscriber Line), Satellite broadband, Cable modem and FTTH/B (Fiber to the Home/Business); and 2G, 2.5G, 3G and 4G mobile telephony (internet and short-message-service (SMS)).
With regard to data speed quality we estimate the installed domestically bandwidth data speed (not international internet bandwidth between countries, which was shown to correlate negatively with exports (Liu and Nath, 2013) ). We follow the methodology of Hilbert and López (2011) (see also Hilbert and López, 2012a; 2012b) . This estimates the installed telecommunication bandwidth capacity in optimally compressed kbps. We divide the result by the amount of ICTs subscriptions in each country. The variable is therefore measured in kbps/subscription and is an indicator of the average communication quality. The variable is created for each country (and year) as follows:
where the sum is taken over each subscription of the different data technologies (fixed and mobile). Up until 2005/2006 the corresponding bandwidth speed was obtained per access technology by identifying the data speed performance of specific access technology. For example, a digital fixed-line phone provides a general (uncompressed) data speed of 64 kbps, and an ISDN internet modem 128 kbps (we then adjusted for data compression to obtain meaningful time series, see Hilbert and López, 2012b) . This strategy was used for more traditional technologies, like fixed phones, dial-up, ISDN and 2G/2.5G mobile telephony. After the introduction of global broadband solutions like DSL and cable modem, and 3G mobile telephony, the direct assignment of data speed to specific technologies becomes less viable. Therefore, for 2007 and 2008 we approximate the installed data speed by recurring to crowed-sourced data from end-user-initiated bandwidth speed velocity tests, which allows us to maintain a very wide geographical focus, through Speedtest.net and Pingtest.net 4 . We assume that the national average data speed test result for fixed broadband is the weighted mean of all nationally installed DSL, cable modem, and FTTH/B subscriptions (Hilbert and López, 2011 , 2012a , 2012b . We consulted both upload and download tests and added both in our assessment of broadband speed.
It is important to point out that given its crowd-sourced nature, the resulting data has potential self-selection and server-selection problems (Bauer, Clark and Lehr, 2010; Yoo, 2014) . Speedtests are unequally distributed across and within countries (resulting in a power-law like distribution). On average there are some 96,000 speed tests per country per day in 2008, but the standard deviation among countries is around 262,000 (max: U.S. 2.4 million; min: Tanzania: 6 per day). Inequalities within countries (e.g. rural vs. urban representativeness) are less worrisome for our comparative purposes as they can expected to be replicated across different countries. With these important caveats in mind, the choice of this database to approximate installed bandwidth speed potential in 122 countries has also brutally practical reasons: it might be imperfect, but nevertheless "the best of the currently available data sources for assessing the speed of ISPs broadband access service" (Bauer, Clark and Lehr, 2010; p. 3).
Working with a time series that spans 14 years, it is important to consider varying compression rates of the information content that is communicated through a certain data speed. The necessity for normalizing on compression rates is similar to the reason why economists adjust for inflation: one bit in a later year might carry more information than one bit in an earlier year, due to advances in compression algorithms 5 . We normalized the kbps variable on its optimal level of compression in order to estimate information flow, not merely installed hardware capacities (see Hilbert and López, 2012b) . Equation (1) makes clear that the quantity of subscriptions and the quality of data speed are related, which might lead to multicollinearity in multivariate statistical analysis. However, the correlation matrix of Supporting Material (Table S.10) shows that the respective correlations lie between 0.4 and 0.58, which is well within the commonly accepted tolerance levels for multicollinearity. This also underlines that the quantity and quality of telecommunication subscriptions are not equivalent. Figures 3a and 3b visualize such differences. The tendencies of subscriptions per capita are concave and show convergence between developed and developing regions, while data speeds grow according to a convex curve, with an increasing capacity gap with non-OECD countries. For more on the closing digital divide in terms of subscriptions and the widening divide in terms of bandwidth speed see Hilbert (2014b; 2016) . 4 Data source is Ookla, retrieved from http://www.netindex.com/source-data/ 5 As compression technologies evolve, we are able to send more information using the same installed infrastructure and this should be accounted for. As Hilbert and López (2011; p. 63) remark, "optimal compression is indispensable for obtaining meaningful time series of digital technologies because more efficient compression algorithms enable us to handle more information with the same amount of hardware. 4 Empirical strategy
The Gravity Model
We start with the baseline structural gravity equation 
Sub-index e refers to exporter and i to importer country, respectively, while t stands for time and w for the world (in our sample, 122 countries).
is the export flow from country e to country i in year t. Y should be gross production but given the lack of data we use the Gross Domestic Product instead.
denotes transport costs that include distance ( ) and other costs ( , , and ). Variables , ; stand for variables that remain constant for each country, irrespective of the partner but do change over time. Variables included in q and and b are specific to the bilateral relationship of the trading countries. Other costs include the information costs (usually dummy variables related to cultural variables like common language, that enter into the equation as the dummy variable ). Moreover, other trade costs could be included, that can relate to regional trade agreements or common currency (that enter into the equation as the dummy variable for example). Furthermore, our main variables of interest included are ICTs quality and quantity at a certain point in time (belonging to for exporter and for the importer). Finally, and are the multilateral resistance terms. They can be expressed as:
6 For a detailed derivation of the Gravity Equation refer to Anderson and van Wincoop (2003) or Baier and Bergstrand (2009) (3 ) where ; are the shares of the countries' GDP of world GDP . We apply logs to Equation (2) and obtain the following equation:
In order to account for multilateral resistance, Baier and Bergstrand (2009) (hereupon called BB) have derived an equation to consistently estimate the gravity equation with OLS. They use a log-linear first order Taylor series approximation based on the bilateral trade cost specification. Given the nature of our data we follow this line of research instead of using exporter and importeryear dummies (for other applications to country-level data see also Berden et al., 2014; Egger and Gassebner, 2014; Francois and Manchin, 2014; Portugal-Perez and Wilson, 2012) . For the definition of the estimating equation we will follow the implementation of the methodology by Márquez-Ramos et al. (2012) 7 , who use simple averages (i.e. replace and in Equations (3a) and (3b) above by 1 N ), instead of country shares. As Baier and Bergstrand (2010, p. 103-104) note, the use of simple averages has the advantage of addressing the concern of the endogeneity of the weights, providing marginally less biased coefficients (shown by Monte Carlo simulations), and the benefit of expanding around a symmetric world in all variables (which is in line with the Taylor expansion centered in t and the means-based Ordinary Least Squares (OLS) estimates). The firstorder-log-linear Taylor expansion would deliver the same equation but with equal weights for shares (instead of the weighted shares). Head and Mayer (2014, p. 157 ) also note that the "estimates (of the weighted shares) are not robust to missing data and it is very imprecise as we see in the high standard deviation of the coefficients" (see their simulation results on p.156 to observe the superiority of the un-weighted version).
Applying the Taylor expansion and some algebra we obtain the following (focusing on distance for simplicity and a cross-sectional setting):
) (5 ) r is an index for the country partners of e and m of the country partners of i. So we get the next equation for the bilateral trade costs adjusting for the ideal price indices of country e and country i, known as multilateral resistance (the adjusted variables will be denoted with a prefix "mr"):
Where the subscripts e, i and t refer to the exporting and importing partner countries and time (year) as before. r is an index of the trading partners of e, while m is an index of the trading partners of i. N is the total number of countries. The second term is a simple average of the trading cost of the exporter across all partners r, the third one the average trade costs between all partners, and the last term the average trading cost of the importer with all of its partners m.
The augmented model of Equation (7) includes further covariates, namely the Gross Domestic Products (GDP), Population, ICTs quantity of subscriptions (Quantity), and quality of bandwidth data speed (Quality), and dummy variables for regional trade agreements (RTA) and common currency (Currency). Moreover, the traditional time invariant gravity variables are included: distance (Distance), colonial relationship (Colony), common legal origin (LegalOrigin) and whether countries share a common language (Language) 8 . Time dummies are also included. Most of the variables used are logged, except for the dummy variables:
Empirical Specifications
We run our model for different model specifications that consider different variables (they are presented as columns in Tables (1-3) ). We start with the full sample and estimate the model as outlined in Equation (7). To assess the robustness of these results, the next specification controls for (time invariant) multilateral resistance with continent dummies of origin and destination, 9 while the one thereafter uses origin and destination country dummies. In other words, we remove the heterogeneity that is exporter/importer specific and that does not change over time. We then assess whether the results hold while controlling for country-pair heterogeneity (using bilateral fixed effects) with the BB adjustment. We follow the approach of Egger and Nelson (2011) who apply the BB methodology with the inclusion of time dummies in a fixed effects framework that controls for country-pair unobserved heterogeneity. We use this as a robustness test and not as our main model since we lose a considerable part of variability of our data just analyzing the within variation. 10 In the next two specifications we first add a measure of institutions (average of the Worldwide Governance Indicators from the World Bank -WG) and then an infrastructure measure -percentage of paved roads (Roads). Moreover, we report the results for the EK-Tobit estimator from Eaton and Kortum (2001) , also used by Crozet et al. (2012) in order to include the zeroes into the dependent variable. It employs a Tobit regression but the censoring for the missing values corresponds to the minimum value of imports per country per year. We also do the BB adjustment in this instance.
We then analyze the full model as specified by Equation (7) in further subsamples, by differentiating between OECD or non-OECD countries as exporters and importers. As a robustness check, we control in each subsample for the institutional and infrastructure variables (see Supplementary Material (S.4) and (S.5)). We then report the fixed effects results and the ones employing the EK-Tobit estimator as well for the subsamples with zeroes in the dependent variable.
As an additional check, we also include the estimations from a Feasible Generalized Least Squares (FGLS) regression, as well as the Multinomial Poisson Pseudo-Maximum Likelihood (MNPML). While FGLS corrects for potential heteroskedasticity, the MNPML is robust to it, additionally allowing the introduction of the zeroes.
Moreover, since we can expect that ICTs matter differently according to the type of products, we estimate the main model for each product group as classified by Rauch (1999) . The classification involves differentiated goods, reference priced goods and homogenous goods (or "goods sold in an organized exchange"). Finally, we compare our results with a model including internet users from the World Development Indicators, one of the traditional independent variables used in the literature (Supporting Material S.8).
Data sources and variables
We obtained bilateral trade data from the BACI dataset from the Centre d'Etudes Prospectives et d'Informations Internationales (CEPII) (Gaulier and Zignago, 2010) . Originating from the United Nations COMTRADE database, it is extensive and detailed, but only includes products, not services. It is a mirrored dataset, which is of relevance in this case given the amount of developing countries of the sample and the reporting errors that could potentially arise. The values are in current US dollars since the theoretical model predicts nominal trade flows. This is justified because there is no suitable deflator for bilateral trade flows and because it avoids the so-called "bronze medal mistake" (Baldwin and Taglioni, 2007) .
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The Gross Domestic Product (GDP) was obtained from the World Development Indicators (WDI) from the World Bank, measured in current US dollars. Regional trade agreements 10 In a panel data setting, using country-pair dummies (which is equivalent to employ the least squares dummy variable estimator) is similar to analyzing the within variation of the data. So we are essentially removing heterogeneity of each country-pair, e.g. taking out the effect that being a landlocked country could have and we are only keeping the time variation of the data. 11 The bronze medal mistake is the incorrect deflation of bilateral trade. Some authors have considered the US aggregate price index to deflate values (given the valid claim of the inexistence of a bilateral trade defaltor), but "since there are global trends in inflation rates, inclusion of this term probably creates biases via spurious correlations. Fortunately, Rose (2000) and others offset this error by including time dummies" (Baldin and Taglioni, 2007 p. 790) . We do include time dummies in the analysis as can be read in the text. Moreover, for consistence, all of the variables measured in currency terms are in the same unit of measurement.
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(Agreement) are important (Baier and Bergstrand, 2007) and take the value 1 if the country is engaged in a regional trade agreement with the partner country, otherwise it is 0 (obtained from De Sousa's website 12 ; Baier and Bergstrand, 2007; the WTO website and Frankel et al., 1997) . The dummy for currency (comcur) takes the value of 1 if it is shared among trading partners (obtained also from de Sousa, 2012). Common language (Language), colonial ties (Colony), common border/contiguity (Border), common legal origin (LegalOrigin), and distance (Distance) were obtained from CEPII (Mayer and Zignago, 2011) . Except for the distance between capital cities, these variables are binary. Population was obtained from the World Development Indicators from the World Bank, accessed online.
Given data availability, an unbalanced panel from 1995 to 2008 was estimated for 122 countries (refer to Table (S.1) of the Supplementary Material for a list of countries). Descriptive statistics can be found in Table ( S.2) of the Supplementary Material. The variables for the robustness checks came from the World Bank World Development Indicators (percentage of paved roads, which provided a smaller sample size of countries) and from the World Governance Indicators (see Kaufmann et al., 2011) , also accessed online. The main drawback of this last source for this exercise is that there are gaps in terms of years of data coverage, Based on theoretical considerations, we predict country pairs to trade more goods if they have a common border, a regional trade agreement, a common currency, a common language, a colonial relationship, or the same legal system. The effect of population size is not clear. Economies of scale for the exporter and demand for a greater variety of goods for the importer could lead to a positive relation with population size, while at the same time bigger domestic markets are more likely to produce domestically (Gradeva and Martínez-Zarzoso, 2015) . As discussed above, most of the empirical literature finds that the role of ICT Quantity has a positive coefficient for both exporters and importers, due to transaction cost reduction and access to new markets. We extend our expectations to the yet untested indicator of ICT Quality. Finally, the estimated coefficients of GDPs should be close to unity, as the theoretical foundations establish.
Results and discussion

Quality versus quantity: full sample
We find that Quality and Quantity are positively associated with the bilateral trade flows, for both exporter and importer countries. The diverse specifications of models that include different sets of variables are shown in the columns of Table (1). In most of the specifications, we observe that the estimated elasticities for quality (bandwidth) are higher than the ones for quantity (subscriptions). This difference is larger for exporter countries (the effect size of quality being almost twice that of quantity). The coefficient diminishes in size when we include the country dummies due to the fact that we are analyzing only one part of the variation in the data. There is a wide variation in ICTs between countries (when only using the country dummies of origin and destination we are not considering this variation, which explains why the coefficient is smaller). Something similar happens with the fixed effects.
13 Column (1) of Table ( 1) tells us that a 1 percent increase in the average data speed quality per subscription is associated with an increase of 0.5 percent of bilateral trade, while a 1 percent increase of the quantity of subscriptions is associated with 0.3 percent of additional trade. Similar elasticities can be observed in column (7) with the EK-Tobit estimator.
In terms of time dimension and country coverage, our sample is similar to Vemuri and Siddiqi (2009) . We find a higher overall impact of ICT, since we are better able to identify the differential effects of quality and quantity. Portugal-Perez and Wilson (2012) have a similar country coverage but fewer years in the sample. In contrast to their findings, our results do not require high GDP per capita to find a positive effect of ICT. 14 It portrays lower elasticities of both variables, although they are still statistically significant and have the expected signs. 15 We analyzed the residuals of the OLS, EK-Tobit and MNPML regression with the MaMu test as proposed by Manning and Mullahy (2001) . Results show that the error term is more consistent with the OLS or EK-Tobit's assumptions, rather than to the MNPML 16 , which suggests to keep our OLS and EK-Tobit's estimates as our main results. Similar differences on the estimates with MNPML and OLS have been documented by Melitz and Toubal (2014) who also use the same CEPII dataset for a large number of countries and a similar time period.
17 They also keep the OLS as the main specification.
The estimated coefficients of GDP lie between the values found in the gravity literature (Table  1) . In most cases they are close to one, as theory predicts. Regional trade agreements have a positive and statistically significant effect in all of the specifications. Usage of the same currency has a positive and statistically significant effect on some of the specifications. Glick and Rose (2015) document these divergent results when using different specifications of the gravity equation. Population of the exporter country has a positive effect on the exporter in most specifications, while the effect on the importer is less clear. Distance has a robust negative effect across specifications, as countries that are further away trade less. The cultural variables -namely common language, former colony and common legal origin-have a positive and statistically significant effect.
14 This method is encouraged by Head and Mayer (2014) since it performs better in simulations than the PPML and was first proposed by Eaton et al. (2012) . Although this method as well as the EK-Tobit imply using country-year dummies for a panel data setting, since we are unable to do so, we make a modification -since the estimating equation resembles the traditional gravity equation, we control for multilateral resistance with the BB methodology. Moreover, we also employ the methodology here for better comparison of the coefficients. Although the methodology was derived for OLS, applications have extended to PPML as well. 15 A difference in using this method is that it gives less weight to large values of exports and that exports are measured in shares. 16 The test implies estimating ln( −̂) = 0 + 1 ln(̂) + . While a λ=1 would be in support of a Poisson error structure, a λ=2 would be in favor of a log-linear model. The estimates of λ are 1.78 (OLS), 1.85 (EK-Tobit) and 1.72 (MNPML). 17 We also tried to estimate the FGLS as proposed by Martí nez-Zarzoso (2013) for the full sample but due to software limitations we were unable to do so. We do report the results for the subsample analysis. Notes: Robust standard errors clustered at the country pair level. One asterisk indicates significance at the 10 percent level, two asterisks indicate significance at the 5 percent level, and three asterisks indicate significance at the 1 percent level. A constant term and year dummies are included in all regressions but the coefficient is not reported. In columns (1) to (6) the log of bilateral trade is the dependent variable, while in (7) the EK-Tobit model was estimated so the dependent variable is the natural logarithm of the trade flow or of the minimum of trade reported by each importer each year. Except for Specifications (2) to (3), the bilateral variables are adjusted with the BB methodology. Figure 1 and Figure 3 visualized the well-known digital divide between developed and developing countries. We now test if ICT quantity and quality have differential effects on trade in developed and developing countries. We estimate the full model for the different subsamples with the pooled OLS and different estimators and finally discuss the results exploiting the within variation of the data.
Quality versus quantity: subsamples
Interestingly, we consistently find a higher elasticity for quality in comparison to quantity for non-OECD countries (developing) (Table (2)). This holds for both export and import between non-OECD and other non-OECD countries (specification (3) in Table ( 2)), as well as for exports from non-OECD countries to OECD countries (developed) (specification (4)), and for imports of non-OECD countries from OECD countries (specification (5)). For developing economies, quality trumps quantity for both exports and imports. This has interesting implications for development policies: having internet access is important, but for developing countries, it is even more important to have good data speed.
On the contrary, in OECD (developed) countries quantity is consistently considered more important than quality. This holds for both export and import between OECD countries (specification (2) in Table ( 2)), imports of OECD countries from non-OECD countries (specification (4)), and exports from OECD to non-OECD countries (specification (5)).
The traditional time invariant gravity controls have the same sign and statistical significance for most of the subsamples. Regional trade agreements have a positive effect on most of the subsamples, except for trade within different country groupings. The sign of the common currency dummy is unstable across different subsamples. Overall, we can document a robust and sizeable effect of the quality for developing countries' exports, especially in developed nations. For non-OECD countries, the quantity is also sizeable for most estimators, although when we control for country pair heterogeneity this effect disappears. We further corroborated the robustness of these results including the institutional and then the infrastructural measure in Table S .4 and S.5 from the Supplementary Material. Moreover, in Table  S .6 we also report the EK-Tobit estimates for the subsamples where there are missing values for the trade flows, namely trade within non-OECD countries, from OECD to non-OECD and viceversa. 18 The coefficient for our variables of interest remain fairly the same, also when using the FGLS estimator (Table (S.7) of the Supplementary Material). The relationship between quantity and quality for the exporting countries is between twice and three times the size, while the quality and quantity are closer for the OECD countries, although the estimate for quantity is higher. The MNPML (Table (S. 3) of the Supplementary Material) confirms the importance of quality for developing countries, as well as the one of quantity for developed ones. The main difference with previous estimates (with regard to MNPML) lies with the importer behavior, for which the coefficients become negative (and not always statistically significant). This makes the results inconclusive, although the other three estimators favor the positive effect on imports. Table ( 3) focuses on the within variation. Here, some of the ICTs variables lose their statistical significance but the main conclusions remain. In columns (2) and (3) we observe that for developing countries' exports data speed quality is what matters the most. The effect is significantly higher than the one found in the regression including all of the countries. Moreover, when we compare these results to the ones using internet users in Table S .8 in the Supplementary Material, we are able to identify that quality is more important for the exports of these countries. The variable internet users was only able to identify a positive effects of ICTs for trade within developed countries (when controlling for country-pair unobserved heterogeneity). In contrary to our previous results, these results suggest that when controlling for country-pair heterogeneity (i.e. if we do not take into consideration the cross-sectional variation in the data), ICTs measured by internet users do not foster exports to high-income countries. For the subsamples of developed countries, we observe that the quantity of the subscriptions is what matters for their trading activity with other OECD countries, but not for developing countries. When controlling for potential country pair heterogeneity, it seems that the amount of subscriptions matters the most for trade within developed countries, while the effect of bandwidth quality is the most robust for exports of developing countries (be it to other developing or to developed countries). 
Disaggregated trade: types of goods
ICTs can provide more access to the global market for companies as well as for entrepreneurs. We believe that ICTs could have a higher impact on the trade of differentiated goods, whose specific product information sets them apart from others. Moreover, since these are usually more expensive goods it is important to have full information on the product and also on the company/person delivering the goods. Examples of such goods are machinery, shoes, and pharmaceuticals. The other two types of groups are the ones sold in organized exchanges (homogenous goods i.e. soybeans) or the ones with a reference price (i.e. certain chemicals for which prices are listed in specialized trade publications (Fink et al, 2005) ). We would expect that the effect is lowest for homogenous goods, which would be in line with the findings of Fink et al. (2005) . Table (S.9 ) of the Supplementary Material shows that the effect of the quality and quantity of ICTs is higher for differentiated goods (columns (1-5)) compared to the effects for exports of reference priced goods (columns (6-15)). The highest coefficients for differentiated goods are found again for the subsample of non-OECD countries to OECD. The same pattern that ICTs quality have a higher estimated elasticity with respect to trade for non-OECD countries can also be found here. The results for the full sample of our ICTs quantity variable are in line with those of Tang (2006) , although our elasticities for quality are higher. Again, we expect the reason to be that our two variables of quantity and quality capture more than traditional ICT proxies.
Conclusion
In this paper we investigated whether there are differential effects of ICT quantity (subscriptions) and quality (bandwidth) on international trade for both developing and developed countries. We found a positive correlation between exports with both ICT quantity and quality, and showed that the quality of data speed is more important for developing countries than the number of ICT subscriptions.
Although this results could seem counter intuitive initially, it is important to remember that developing countries have been catching up equally in terms of the amount of subscriptions, while bandwidth speed quality is still diverse (Hilbert, 2016 ; see also Figure 1b ). The variation in bandwidth speeds therefore plays a large role on the effect of ICTs on trade. Most developing countries are quickly closing the digital divide in terms of the number of subscriptions, while they are still far behind the technological frontier in terms of data speed ( Figure 3 ). As such, our results can be interpreted in terms of a gap to the global technological frontier: not being able to communicate at the speed expected by the global technological frontier can inhibit the opportunity to participate in international trade. On the contrary, developed countries have already achieved a very good bandwidth speed. Actually, developed countries constitute the respective technological frontier in terms of bandwidth speed. Therefore the smaller estimated elasticity could be a result of decreasing marginal returns. Extra bandwidth is not associated with (robust) extra effects, as additional bandwidth would not allow them to explore more sophisticated communication channels (with whom?). But in developing countries it seems to matter to be as close as possible to the technological frontier in terms of data speed. Moreover, Rajabiun and Middleton (2015) have shown that countries that have higher average connectivity speeds have more stable connections. This could be another reason why the average of the connectivity would matter more for developing countries.
It is interesting to observe that the difference between the effect of quantity and quality is much larger for imports in developed countries (in favor of quantity) than for developing countries. The importance of more ICT subscriptions for import seems to suggest that once a certain level of data speed is guaranteed, further increases in the quantity of ICT subscriptions do lead to a positive effect on exports and imports. This might stem from the fact that more people are exposed to worldwide products through reliable and quality connections in global cyberspace. More ICT pervasiveness might favor demand for international products. This effect is detectable for developed countries. In short, our interpretation of our results is that trade thrives on getting closer to the technological frontier in terms of communication capacity. Once this is assured, more ICT subscriptions might lead to more imports by fostering demands for goods.
These results are relevant for both, hands-on policy recommendations and academic research. It shows that the effectiveness of policies that promote the adoption of more ICT for the sake of adopting more ICT has its limits, and that ICT quality matters, especially in developing countries. Recent studies have shown that the digital divide measured in terms of bandwidth speed it not closing: digital inequality fluctuates up-and down as technological progress constantly introduces new solutions to increase bandwidth speed, and technological diffusion tries to catch up (Hilbert, 2016) . Additional mobile phones and internet connections might have important effects for many development goals regardless of their bandwidth speed (including transparency, democracy, security, empowerment, banking, etc.), but for international trade of developing countries, quality trumps quantity. This implies that development policy should carefully weight policies that aim at fostering both more and better ICT. When resources are scarce, there is often a trade-off between policies aiming at promoting incentives to investments in infrastructure expansion and infrastructure updating (e.g. roll-out of mobile networks vs. roll-out of fiber optic networks, etc.).
Considering both ICT quantity and quality we are able to detect higher effect sizes of ICT than previous studies that exclusively work with variables that mainly accounted for the quantity of ICT. Following the visual presentation in Figure 1b , we add an entire new dimension of the digital divide: both Saudi Arabia and South Korea count with 2 subscriptions per capita, but one counts with an average bandwidth of 1 Mbps per capita and the other one with 12 Mbps. We suspect that the main motivation for the preference for subscriptions statistics in international econometric exercises is the readily availability of subscription data and the difficulty of obtaining reliable bandwidth speed statistics (i.e. when lengthy time series require for normalization on compression rates; Hilbert and López, 2012b) . While our dataset surely does not resolve this problem once and for all (as it comes with several caveats discussed above), our results show that technological progress over recent decades has made it is necessary to do this extra step and to account for both, quantity and quality. In this sense our results are a concrete case in point of the growing argument that digital connectivity metrics have to go beyond the accounting of technological devices (Zwart et al., 2015) . While this study tested the differentiated effects of both ICT quantity and quality on international trade, we expect many interesting findings to be discovered once more fine-grained metrics of connectivity are applied to other aspects of socio-economic, cultural and political development (including latency, throughput, reliability, etc). Notes: Robust standard errors are clustered at the country pair level. One asterisk indicates significance at the 10 percent level, two asterisks indicate significance at the 5 percent level, and three asterisks indicate significance at the 1 percent level. A constant term as well as year dummies are included in all regressions but the coefficients are not reported. The dependent variable is a market share constructed with the exports of country e to country i over the total imports of country i in year t. Notes: Panels are assumed heteroskedastic and the autocorrelation structure was specified as AR(1). One asterisk indicates significance at the 10 percent level, two asterisks indicate significance at the 5 percent level, and three asterisks indicate significance at the 1 percent level. A constant term as well as year dummies are included in all regressions but the coefficients are not reported. The dependent variable is the natural logarithm of the bilateral trade.
Supplementary Material
In Table S .8 we now perform the same analysis as before but including the amount of internet users instead of our quality and quantity measures. We observe that the elasticity for OECD countries as exporters is higher than for developing countries, though not always statistically significant for the latter group. This can be observed in Specification (13). If we compare it with the equivalent in Table 3 (column (6)) we can observe that quality is what matters for this subsample. Our results suggest that when developing countries have better access to the internet, their commercial opportunities do increase. The positive effect (while controlling for country pair heterogeneity and analyzing the changes over time) does not seem to stem from more equipments. As we saw in previous sections, developing countries do have more similar amounts of equipmentthe issue is that that they are not able to communicate much information -equipments are either old or internet access is slow and is interrupted very often. Notes: Robust standard errors clustered at the country pair level. One asterisk indicates significance at the 10 percent level, two asterisks indicate significance at the 5 percent level, and three asterisks indicate significance at the 1 percent level. A constant term is included in all regressions but the coefficient is not reported. In columns (1) to (10) the log of bilateral trade is the dependent variable. -1.358*** -0.767*** -1.460*** -1.318*** -1.400*** -1.311*** -1.119*** -1.333*** -1.399*** -1.604*** -1.341*** -1.540*** -1.272*** -1.272*** -1.947*** (0 
